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s report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70: 16 and Section 607 of the Administrative Instructions imder the PCT). 

ofifst 



These annexes consist of a total i 



sheets. 
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Basis of the report 
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12^ 
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III 
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IV 
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V 




VI 


□ 


VII 
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VIII 
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INTERNATIONAL PRELEi^^RY EXAMINATTON REPORT 



I. Basb of the report 



CNH y^Y EXAMINATION REPORT^^ ^^TVl^^^ 



Imernational applicaiion No. 
.702 



With regard lo the elements of the iniemaiional application:* 
the international appUcation as originally filed, 
the description: 

pages M4 as originally filed 

pages none , filed with the demand 

pages none , filed with the letter of 

the claims: 



□ 



pages none , as originally filed 

P^S^s POQg as amended (together with any statement) under Article 19 

pages none , filed with the demand 

pages 1S>18 , filed with the letter of 19 December 2000 (19.12.2000) 

the drawings: 

pages , as originally filed 

pages none , filed with the demand 

pages none , filed with the letter of . 

the sequence listing part of the description: 

pages NONE ^ as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of 



2. With regard to the language, all the elements marked above were available or fiiraished to this Authority in the 
language m which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language wiiich is: 

Q the language of a translation furnished for the purposes of international search (under Rule23 1(b)) 

□ 

the language of publication of the international application (under Rule 48.3(b)) 

the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the imernational application, the 
international preliminary examination was carried out on the basis of the sequence listing* 

□ 

contained in the international application in printed form 

□ 

filed together with the international application in computer readable form 

□ 

furnished subsequently to this Authority in written form. 

□ 

furnished subsequently to this Authority in computer readable form. 

Q The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international appUcation as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing 
has been furnished. 

The amendments have resulted in the cancellation of 



□ 
□ 



□ 



□ 
□ 
□ 



the description, pages 
the claims, Nos. 



the drawings, sheets/fig 



This report has been established as if (some oO the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in 
this report as ^'originally filed'* and are not annexed to this report since they do not contain amendments (Rules 70. J 6 and 70,17). 
Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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Imernational application No. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial appHcabUity; 
citations and explanations supporting such statement 



1- STATEMENT 



Novelty (N) 


Claims 


none 


YES 




Claims 


1-23 


NO 


Inventive Step (IS) 


Claims 


none 


YES 




Claims 


1-23 


NO 


Industrial Applicability (lA) 


Claims 


1-24 


YES 




Claims 


none 


NO 



2. CITATIONS AND EXPLANATIONS (Rule 70.7) 

Claims 1-2, 5-12. 14, 16, and 20-22 lack novelty under PCT Article 33(2) as being anticipated by Aune et al. Aune et al shows a self 
regulating flexible hearer comprising a woven flexible fabric substrate having a layer of PCT material 3, a layer of conductive 
material 1 1,12 in the forai of conduaive wires fixed within a conslruaion 6 by conduaive glues, a plurality of buss bars 1,2 in 
elearical contact with the conduaive material (see column 7, lines 37-55, and Figures 1-2. 



Claims 1-21 and 23 lack novelty under PCT Article 33(2) as being anticipated by Watts. Watts shows a self regulating flexible healer 
comprising a woven flexible fabric 14. a layer of PCT material 40 applied a layer of conductive material 32,34,36,38 in an 
interdigitated pattern, a plurality of buss bars 16.18, and an overlayer of laminated woven synyhetic fabric 12 (see Column 2. lines 
42 to column 3. line 34 and Figures 1-2. 



Claims 1-4, 6, 10-14, 16, and 20-23 lack novelty under PCT Article 33(2) as being anticipated by Kochman et al. Kochman et al 
shows all features of the claimed invention including a flexible fceaier comprises the PCT layer. See Figures lOA-lOC. coluimi 6, 
lines 1-26 and olumn II, lines 26-39. 



Claims 1-14. 16, and 20-21 lack novelty under PCT Article 33(2) as being anticipated by Sullivan et al. Sullvian et al shows a self 
regulating flexible heater 2 comprising a woven flexible fabric substrate having a layer of PCT material 50 disposed and supplied in a 
generally serpentine or interdigitated pattern with a layer of conductive material 46.48 in the form of conduaive wires 60, a plurality 
of buss bars 26 in electrical contact with the conductive material, and an overlayer or cover 10. 



Form PCT/lPEA/409 (Box V) (July 1998) 



nsQERNATIONAL PREL: 



^^^^ 



Y EXAMINATION REPORT 



Iniemational application No. 
PCT/US^^02 



Vm. Certain observations on the international appUcaticxi 



The following observations on the clarity of the claims, description, and drawings or on the questions whether the claims 
are fully supported by the description, are made: 

Claim 24 is objected to under PCT Rule 66,2(a)(v) as lacking clarity under PCX Article 6 because the claim is indefmiie for the 
following reason: In claim 24, "the seat heater composition" lacks antecedent basis in the claim. 



Form PCT/IPEA/409 (Box VIII) (July 1998) 



WE CLAIM: 



3. 
4. 

^ 5. 

6, 



A self regulating flexible heater construction for producing heat when 
connected to an electrical power source, comprised of: 
a flexible fabric substrate; 

a first layer of a positive temperature coefficient (PTC) material; and 
a second layer of conductive material. 

The heater of claim 1 wherein the substrate is woven or non-woven fabric. 

The heater of claim 1 wherein the layer of conductive material is applied to the 
layer of positive temperature coefficient material in an interdigitated pattern. 

The heater of claim 1 wherein the layer of positive temperature coefficient 
material is applied to the layer of conductive material in an interdigitated 
pattern. 

The heater of claim 1 wherein the density of the fabric is 1 to 6 ounces per 
square yard. 

The heater of claim 1 wherein the PTC material is comprised of a polyolefm 
resin. 

The heater of claim 1 wherein the coating of PTC material has a weight 7 to 20 
lbs. per ream. 



659941 A0n21900 



The heater of claim 1 wherein the positive temperature coefficient material has 
a surface resistivity of 2 to 10 kilo-ohms as measured by multimeter probes set 
1 cm apart. 

The heater of claim 1 wherein the positive temperature coeflTicient material has 
a surface resistivity of 3 to 8 kilo-ohms as measured by multimeter probes set 1 



The heater of claim 1 wherein the conductive material is formulated from a 
mixture of a polymeric resin selected from the group consisting of vinyls, 
polyesters, acrylics and a conductive material selected from the group consisting 
of silver pigment, a silver coated copper pigment, or plated copper pigments. 

The heater of claim 1 wherein the conductive material is formulated from a 
mixture of solvating materials selected from the group consisting of organic 
solvents and water based solvents and a conductive material selected from the 
group consisting of silver pigment, a silver coated copper pigment, or plated 
copper pigments. 

The heater of claim 1 wherein the conductive material is constructed of 
conductive wires fixed within the construction by conductive glues. 

The heater of claim 1 wherein the first and second layers are applied to the 
substrate by screen printing, spraying, draw down, web printing or any printing 
method capable of providing a uniform coating. 



cm apart. 
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The heater of claim 1 further comprised of a plurality of buss bars in electrical 
contact with the conductive material and an electrical power source. 

The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width decreases over at least a portion of its 
length. 

The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width remains constant over at least a portion 
of its length. 

The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and at least one void at a predetermined location along its 
length. 

The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width dimension increases step-wise over at 
least a portion of its length. 

The heater of claim 14 wherein the spacing of the busses varies across the 
heater. 

The heater of claim 1 further comprised of an overlayer of a laminated or sewn 
secondary breathable woven or non-woven fabric comprised of natural or 
synthetic fibers which covers the heater. 
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22. 



23. 



The heater of claim 20 wherein the overlayer is an encapsulating coating, which 
may be a flame retardant coating, which is applied over the heater. 
The heater of claim 1 wherein the heater is incorporated within a construction of 
a seat for an automobile. 

The heater of claim 1 wherein the heater has a multiple buss design providing 
for high and low current settings, comprised of at least a common setting buss, a 
low setting buss, and a high setting buss, in which current flows from either the 
common setting buss to high setting buss or from the common setting buss to 
low setting buss, 

A self regulating flexible heater construction for producing heat when 
connected to an electrical power source, comprised of: 



a flexible fabric substrate; 



a layer of a positive temperature coefficient material; and 



a layer of conductive material, wherein the seat heater 



composition has a bulk density of about 0.6 g/cm"^ or greater and 



a thermal diffusivity of about 0.003 cm^/s or greater. 



P^ENT COOPERATION TREAT 



PCX 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCX Article 36 and Rule 70) 




Applicant's or agent's file reference 
3029-72 



FOR FURTHER ACTION 



See Notification of Transmittal of International 
Preliminary Examination Report (Form PCT/IPEA/416) 



International application No. 
PCT/USOO/01702 



International filing date (day/morah/year) 
24 January 2000 (24.01.2000) 



Priority date (day/month/year) 
25 January 1999(25.01.1999) 



International Patent Classification (IPC) or national classification and IPC 



IPC(7): H05B 3/34 and US CI.: 219/549 



Applicant 
SURJAN, JAMES 



1 . This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total ofj sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70. 16 and Section 607 of the Administrative Instructions xmder the PCT). 

These aimexes consist of a total of 4 sheets. 



3. This report contains indications relating to the following items: 



Basis of the report 

II n Priority 

III 1^ Non-establishment of report with regard to novelty, inventive step and industrial apphcabiUty 

IV I I Lack of tmity of invention 

V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 

applicability; citations and explanations supporting such statement 

I I Certain documents cited |^ ^ ^J'^ '' ^ ^ 

I I Certain defects in the international appUcation - 

VIII Certain observations on the international application | 



VI 
VII 



Date of submission of the demand 
15 August 2000 (15.08.2000) 



Date of completion of this report 
13 August 2001 



Name and mailing address of the IPEA/US 
CommissicQcr of Pateais and Trademarks 
Box PCT 

Washington. D.C. 20231 

Facsimile No. (703)305-3230 



Authorized officer 

Tu Hoang ^^fruX^ ^ — 
Telephone No. (703) 308-3303 



Form PCT/IPEA/409 (cover she^)(July 1998) 



Imemauooal appncaiu 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



ImernationaJ appCcation No. 
PCT/USOO/01702 



1. Basis of tlie report 



With regard to the elements of the international application: * 
the international application as originally filed, 
the description: 

pages 1-14 as originally filed 

pages none , filed with the demand 

pages none , filed with thcL letter of 



the claims: 

pages none as originally filed 

pages none , as amended (together with any statement) under Article 19 

pages 15-17, filed with the letter of 19 December 2Q0Q. 

pages 18 , tiled with the letter of 13 June 2001 (13.06.2001). 



□ 



the drawings: 

pages U2 i as originally filed 

pages none , filed with the demand 

pages none , filed with the letter of 

the sequence listing part of the description: 

pages NONE as originally filed 

pages NONE » filed with the demand 

pages NONE , filed with the letter of 



With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 

the language of a translation furnished for the purposes of international search (under Rule23.1(b)). 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

the language of the translation furnished for the purposes of international preliminary^ examination(under Rules 
55.2 and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international applicali n, the 
international preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in printed form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

□ 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing 
has been furnished. 

I I The amendments have resulted in the cancellation of 



5. a 



□ 
□ 
□ 



the description, pages 
the claims, Nos. 



the drawings, sheets/ftg 



This report has been established as if (some oO the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
♦ Replaeemenr sheets which have been fUrrUshed to the receiving Office in response to an invitation wider Article 14 are referred to in 
this report as '^originally filed " and are not cumexed to this report since they do not contain amendments (Ruies 70. J 6 and 70, J 7). 
** Any replacement sheet containing such amendments must be referred to utider item 1 and annexed to this report. 
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PCT/USOO/01702 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting sudi statmient 



1. STATEMENT 



Novelty (N) 



Claims 24 

Claims 1-23 



YES 

'no 



Inventive Step (IS) Claims 24 YES 

Claims 1-23 ^NO 



Industrial Applicability (lA) Claims 1-24 YES 

Claims NONE NO 



2. CITATIONS AND EXPLANATIONS (Rule 70.7) 

Claims 1-2, 5-12, 14. 16, and 20-22 lack novelty under PCT Article 33(2) as being anticipated by Aune et al. Aune el al shows a self 
regulating flexible heater comprising a woven flexible fabric substrate having a layer of PCT material 3, a layer of conductive 
material 1 1,12 in the form of conduaive wires fixed within a construction 6 by conductive glues, a plurality of buss bars 1,2 in 
elearical contaa with the conductive material (see colunm 7, lines 37-55, and Figures 1-2. 



Claims 1-21 and 23 lack novelty under PCT Article 33(2) as being anticipated by Watts. Watts shows a self regulating flexible heater 
comprising a woven flexible fabric 14, a layer of PCT material 40 applied a layer of conduaive material 32,34,36,38 in an 
intenligitated pattern, a plurality of buss bars 16,18, and an overlayer of laminat ed woven synyhetic fabric 12 (see Column 2, lines 
42 to colimm 3, line 34 and Figures 1-2. 



Claims 1-4, 6, 10-14, 16. and 20-23 lack novelty under PCT Article 33(2) as being anticipated by Kochman et al. Kochman et al 
shows all features of the claimed invention including a flexible heater comprises the PCT layer. See Figures 1 OA- IOC, column 6, 
lines 1-26 and olumn 11, lines 26-39. 



Claims 1-14, 16, and 20-21 lack novelty under PCT Article 33(2) as being anticipated by Sullivan et al. Sullvian et al shows a self 
regulating flexible heater 2 comprising a woven flexible fabric substrate having a layer of PCT material 50 disposed and supplied in a 
generally serpentine or interdigitaied pattem with a layer of conductive material 46,48 in the form of conductive wires 60, a plurality 
of buss bars 26 in electrical contaa with the conduaive material, and an overlayer or cover 10. 



Claim 24 meets the criteria set out in PCT Article 33(2)-(4), because the prior art does noc teach or fairly suggest a self regulating 
flexible heater constriiaion having a layer of conductive material which has a bulk density of about 0.6g/cm^ or greater and a 
thermal diffusiviiy of about 0.003cm^/s or greater. 
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WE CLAIM: 




6. 



A self regulating flexible heater construction for producing heat when 
connected to an electrical power source, comprised of 
a flexible fabric substrate; 

a first layer of a positive temperature coefficient (PTC) material; and 
a second layer of conductive material. 

The heater of claim 1 wherein the substrate is woven or non-woven fabric. 

The heater of claim 1 wherein the layer of conductive material is applied to the 
layer of positive temperature coefficient material in an interdigitated pattern. 

The heater of claim 1 wherein the layer of positive temperature coefficient 
material is applied to the layer of conductive material in an interdigitated 
pattern. 

The heater of claim 1 wherein the density of the fabric is 1 to 6 ounces per 
square yard. 

The heater of claim 1 wherein the PTC material is comprised of a polyolefin 
resin. 

The heater of claim 1 wherein the coating of PTC material has a weight 7 to 20 
lbs. per ream. 



659941 AO 1121900 



The heater of claim 1 wherein the positive temperature coefficient material has 
a surface resistivity of 2 to 10 kilo-ohms as measured by muhimeter probes set 
1 cm apart. - - - 

The heater of claim 1 wherein the positive temperature coefficient material has 
a surface resistivity of 3 to 8 kUo-ohms as measured by muhimeter probes set 1 
cm apart. 

The heater of claim 1 wherein the conductive material is formulated from a 
mixture of a polymeric resin selected from the group consisting of vinyls, 
polyesters, acrylics and a conductive material selected from the group consisting 
of silver pigment, a silver coated copper pigment, or plated copper pigments. 

The heater of claim 1 wherein the conductive material is formulated from a 
mixture of solvating materials selected from the group consisting of organic 
solvents and water based solvents and a conductive material selected from the 
group consisting of silver pigment, a silver coated copper pigment, or plated 
copper pigments. 

The heater of claim 1 wherein the conductive material is constructed of 
conductive wires fixed within the construction by conductive glues. 

The heater of claim 1 wherein the first and second layers are applied to the 
substrate by screen printing, spraying, draw down, web printing or any printing 
method capable of providing a uniform coating. 



16 



'^WENDED ^.vJ-r-T 



14. The heater of claim 1 further comprised of a plurality of buss bars in electrical 
contart with the conductive material and an electrical power source. 

15. The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width decreases over at least a portion of its 
length. 

16. The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width remains constant over at least a portion 
of its length. 

17. The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and at least one void at a predetermined location along its 
length. 

18. The heater of claim 14 wherein the buss bars have a width dimension and a 
length dimension, and wherein the width dimension increases step-wise over at 
least a portion of its length. 

19. The heater of claim 14 wherein the spacing of the busses varies across the 
heater. 

20. The heater of claim 1 further comprised of an overlayer of a laminated or sewn 
secondary breathable woven or non-woven fabric comprised of natural or 
synthetic fibers which covers the heater. 
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21 . The heater of claim 20 wherein the overlayer is an encapsulating coating, which 
may be a flame retardant coating, which is applied over the heater. 

22. The heater of claim 1 wherein the heater is incorporated within a construction of a 
seat for an automobile. 

23. The heater of claim 1 wherein the heater has a multiple buss design providing for 
high and low current settings, comprised of at least a common setting buss, a low 
setting buss, and a high setting buss, in which current flows from either the 
common setting buss to high setting buss or from the conmion setting buss to low 
setting buss. 

24. A self regulating flexible heater construction for producing heat when connected to 
an electrical power source, comprised of: 



a flexible fabric substrate; 



a layer of a positive temperature coefficient material; and 



a layer of conductive material, wherein said layer of conductive 
material comprises a bulk density of about 0.6 g/cm^ or greater and 
a thermal diffiisivity of about 0.003 cm^/s or greater. 
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1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminaiy examination report and its annexes, if any. established on the international application. 



2. A copy of the report and its aimexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices . 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices)(ArticIe 
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SELF REGULATING SEAT HEATER 

Field of the Tnvention 

The invention relates to a self-regulating flexible heater construction suited for use in 
automobile components but which has use in other applications, including but not limited to 
furniture pieces, consumer items, construction materials, and other articles. The flexible heater 
consiruction is comprised of a breathable fabric substrate to which is applied a coaling of a 
conductive material and a coating of positive temperature coefflcieni ("PTC") material. The 
conductive material is in electrical contact v^ith a power source. The PTC material regulates the 
temperature of the heater. 

Within the automotive field, the present invention can be employed as a seat heater and. 
to provide a non-exhaustive list of other applications, as a heater for dashboards, steering 
wheels, stick shifts (for manual and automatic transmissions), mirrors, arm rests, and others. 
Rackproun r^ nf the Invention 

Heating devices with temperature self-regulating propenies are used in the automotive 
industry. However, such heaters are employed where flexibilit>' of the heater is not at issue. For 
example, such heaters are used on mirrors located outside of the vehicle. These heaters are 
printed upon a rigid biaxially oriented polyester film. See. e.g. U.S. Patent nos. 4,931.627 and 
4,857.71 L both assigned to the assignee of the present application. 

Heaters for automotive vehicle seats that are currently available offer less than adequate 
performance due to several undesirable attributes. Current heaters are known to build up static 
electricity, which damages the heater controller circuit when it is discharged. Another 
shortcoming is that current seat heater design, in which the heater elements are copper wire and 



SUBSTITUTE SHEET (HULE 25) 
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design creates several problems in that heating is localized to the area of the wires, creating an 
undesirable heating pattern where the areas in the vicinity of the wire are too hot and areas 
removed from the wire are too cool. Moreover, since the heating wire per se does not possess 
any means for regulating the temperature (that is, copper wire and the like is incapable of sensing 
5 that it has become too hot), a sophisticated temperature controller is required for regulatmg the 
temperature of the seat heater. This creates a challenging design problem for the engineer, which 
could be avoided if the heater construction per se was self-regulating and could increase or 
decrease the amount of heat produced as necessary. 

Furthermore, when heating a seat in an automotive vehicle, it is evident that the seat 

1 0 heater constmction must be flexible, durable, and able to withstand the demands of the operating 
environment, which include the potentially degradative effects of prolonged exposure to heat and 
the flow of electricity. 

It would be desirable if a heater for an automotive seat were deigned so that a imiform 
amount of heat could be distributed over the area to be heated. Likewise it would be desirable if 

15 a seat heater could be designed in which, if desired, the amoimt of heat delivered to particular 
area could be varied as a design parameter, so that if it is deemed that certain areas should be 
warmer than others for a given design (or cooler, as the case may be), the heater could be 
constructed to accommodate this variation. 

Furthermore, since the comfort of a vehicle seat is attributable to its flexibility, it would 

20 be desirable if the seat heater construction was flexible so that its presence in the seat 

complimented the other flexible components of the seat construction. It would be additionally 
desirable if the seat heater construction incorporated a flexible fabric layer. It would be highly 
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advantageous if the heater components could be applied to the fabric using well known printing 
and coating techniques, which could be used to construct a heater quickly and easily, and 
relatively cheaply. Also, application techniques such as printing or coating could be used to 
make uniform or varying applications of component materials, which could provide for the 
5 uniform distribution of heat, or if desired, variations in the amount of heat. 

Positive temperature coefficient (PTC) materials exhibit variable electrical resistance 
with temperature. As the temperature of the material increases, the electrical resistance also 
increases. The resistivity of the material increases so current flow is reduced, limiting heat flow. 
In essence, positive temperature coefficient compositions are used to form temperature 

10 self-regulating coatings. PTC materials are known in the art. Exemplary disclosures concerning 
these materials can be found in U.S. Patent nos. 5,206,482 and 5,151,747, among others. 
Summary of the Invention 

The present invention is directed to a self regulating flexible heater, such as a heater for 
use in automobiles and other vehicles, in which a PTC material and conductive material are 

1 5 applied to a woven or non- woven fabric that is constructed of natural or synthetic fibers. 

An electrical buss system of a conductive material is applied over a fabric before or after 
being coated with a PTC material. The conductive material is applied in an interdigitating pattern 
emanating from multiple buss bars. The buss bars are configured such that the heater offers 
uniform heating across the surface of the heater. The amount of heat generated may also be 

20 varied as a design parameter so that certain regions generate more or less heat as desired. The 
buss bars can be connected to the power source by a variety of interconnection devices such as 
fasteners, terminals conductive epoxies, to name a few of a broad range of interconnecting means 
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that would be within the realm of the skilled artisan. Wire connectors are attached to the 
terminals and the wire from the power source. Preferably, a secondary layer is applied over the 
heater construction, such as an adhesive layer or a breathable fabric. The breathable fabric may 
be one that is breathable by virtue of the material that is used, or one that is machined to be 



The heater element is applied just under the external layer of the vehicle seat, preferably 
as close to the end user as possible. The heater element is placed on the base of the seat, or on 
the back of the seat, or both. Preferably, the coating of PTC material has a weight 7 to 20 lbs per 
ream (that is, 3300 ft.-) and a surface resistivity of 2 to 10 kilo-ohms as measured by mulitimeter 
probes set 1 cm apart. More preferably the coating of PTC material has a surface resistivity of 3 
to 8 kilo-ohms as measured by mulitimeter probes set 1 cm apart. 

Suitable materials for the fabric substrate include woven and non-woven fabric 
constructions of material including but not limited to polyesters, polyamides, polyaramids, 
polyimides, polyetherketones, glass fibers, phenolics, and carbon fibers. With respect to the 
fabric selection process, it has been found that heater constructions having a bulk density of 
about 0.6 g/cm^ or greater and a thermal diffusivity of about 0.003 cmVs or greater insures a 
desirable degree of conductivity and heat flow through the fabric. This can be achieved using 
multifilaments with a relatively high number of twists per inch. However, a high degree of 
twists, or even using high denier fibers, reduces fabric flexibility. Accordingly, the skilled 
artisan should strike a balance between these properties. 

The heating element may comprise a coating formed from a composition of a conductive 
material of electrically conductive particles dispersed in a polymer matrix, and a coating of a 
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breathable, such as by needle punching. 
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PTC material. In the self-regulating heater of the present invention, the heating element is in 
thermal communication with the component to be heated, such as the automobile seat. 
Preferably, the PTC material is coated onto a woven or non-woven fabric. The conductive 
material is applied^ either before or after the PTC material is applied. The conductive material is 
5 coated onto the fabric in an interdigitating pattern of electrodes which forms an electrical bxiss 
system, which can be constructed in a variety of patterns, such as in a tapered shape (see e.g.. 
Figure 1) , a stepped shaped, in which size varies in a step arrangement, or in a straight, or 
constant size over the entire construction, (see e.g.. Figure 3) A trim pattern is also possible in 
which voids are present in the busses at preselected locations. The edges of the buss system are 
1 0 connected to multiple buss bars in electrical contact with a power source. 

In one aspect of the present invention, the self-regulating flexible heater is a coated fabric 
whose construction has a bulk density of about 0.6 g/cm^ or greater and a thermal diffusivity of 
about 0.003 cm-/s. 

In another aspect of the invention, an encapsulating coating, which may be a flame 
1 5 retardant coating, is applied over the heater elements by lamination or the or other known 
techniques. 

Brief Description of the Drawings 

Figure 1 is a top plan view showing the heater of the present invention. 
Figure 2 is a top plan view of the circuit of a dual wattage seif-regulating flexible heater 
20 construction. 

Figure 3 is a top plan view of a self-regulating flexible heater construction having a 
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tapered and straight buss bar arrangement. 
Detailed Description of the Preferred Embodiment 

In the preferred embodiment, a polyester woven or non-woven fabric 1 0 of a density of 
about 1 to 6 ounces per square yard (more preferably, about 3.7 ounces per square yard) is coated 
5 with a PTC material 12 such as commercially available PTC coating materials, such as an 

ethylene-vinyl acetate co-polymer resin available as Dupont 265. Such materials are described 
in U.S. Patent no. 4,857,71 1 , incorporated herein by reference. The coating is applied at a 
weight of 13 lb per ream (that is, 3300 ft.-) and resistivity of 2 to 10 kilo-ohms (more preferably, 
3 to 8 kilo-ohms) as measured by mulitimeter probes set 1 cm apart. 

10 Prior to application of the conductive material, the fabric is fully dried. The PTC layer 12 

and conductive layer 14 are applied as discreet layers in any order of application. The 
conductive material 14 may be formulated from polymeric resins such as vinyls, polyesters, 
acrylics and conductive material such as silver pigment, a silver coated copper pigment, or plated 
copper pigments and/or solvating materials such as organic solvents, and water-based solvents 

15 which contain the conductive material. After thorough mixing, the coating is passed through a 

mill to effect final dispersion. Other conductive materials may be used such as conductive woven 
wires fixed within the construction by conductive glues. The applicants have found that these 
formulations are flexible while resisting cracking when bearing a load and when stretched. 

The conductive material 14 is preferably applied in an interdigitating pattern (see Fig. 1) 

20 by a screen printing method, then fiiUy dried, thereby forming an electrical buss system. Other 
methods may be used to apply the conductive material, including spraying, draw down 
applications, web printing, or other printing methods that provide a uniform coating. The 
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conductive material is printed in electrode patterns which are interdigitated. Each electrode of the 
pattern is in electrical contact with one of a multiple of buss bars 16 and 18, with adjacent 
electrodes altemating their connection between buss bars 16 and 1 8. The buss bars are 
configured in a decreasingly tapered arrangement. That is the width of the buss bars gradually 
5 decreases from the terminal end (20, 22) to the free end (24, 26). This insures that the electrical 
resistance created by the buss bars will create a heating effect that is substantially the same as 
that created by the heating areas. One knowing the electrical characteristics of the PTC material, 
conductive material and temperature requirements can readily design heating areas of varying 
sizes and shapes with varying buss sizes that can deliver varying amounts of heat over the 

10 heating area. Accordingly, the entire substrate, from the center out of the periphery, including 
those areas beneath the buss bars, will be heated as desired with substantially no cold spots. It 
should be noted that while the connections to the heater constmction are positioned along its 
edges, other configurations are possible, such as making a connections from the interior of the 
construction, or a combination of connections along the edges and in the interior. 

15 Power across the heater constmction can be varied by varying the spacing of the smaller 

busses. That is, the skilled artisan would readily appreciate that doing so would vary the power 
at any given location in the construction. 

Figure 2 shows a circuit diagram for a self-regulating flexible heater design in accordance 
with the present invention which provides for a multiple wattage heater. As shown in this 

20 design, high/low settings are possible where current flows from either common to high buss 

arrangement or a common to low buss arrangement. Other combinations are possible based on 
other terminal connections 
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Terminals 20 and 22 are attached to the buss bars and are in communication with a power 
source (not shown). The terminals may be attached to the buss bars 16 and 18 by fasteners or any 
other means that will permit an electrical contact to be formed. A secondar>' protective layer, 
such as an encapsulating layer, may be laminated over the heater assembly 30. 

When a voltage is applied across the terminals and across the electrode array, depending 
upon the ambient temperature and the electrical characteristics of the PTC material, current will 
flow through the PTC material between the electrodes, generating heat in the individual heating 
areas. The current flow and heating effect of the PTC material depends on its temperature which 
will change as the ambient temperature changes and, at a predetermined temperature of the PTC 
material, the resistivity of the material increases causing the material to no longer conduct 
current, whereby the heating areas no longer generate heat, or to produce a very low amount of 
heat due to a significantly reduced current flow. Accordingly, it can be seen that the heater is 
self- regulating in accordance with the surrounding ambient temperature. 

Figure 3 depicts an alternative arrangement in which the width of the buss bars is a 
combination of a section where the size remains constant near the free end (24, 26), and a tapered 
section where the buss bars gradually decrease in size further away from the terminal end (20, 
22). 

The skilled artisan will readily appreciate that placing a safety switch at the terminals will 
prevent run away conditions during which the heat generated exceeds the upper limit that has 
been set in the design of the heater. The switch can be a simple on-off switch that permits the 
user to turn off the current flowing through the heater. 
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E?;mple 1 

The thermal diffusivity of five coated polyester fabric sample was determined. 

The samples, identified as 1 through 5, differed in terms of the whether they are woven or 
non-woven, and if woven, the weave pattem, number of picks per inch, ends per inch, number of 
5 filaments in the warp and filling yams, and twists per inch in the yams. These fabrics were 

submitted as strips of coated fabric approximately 500 mm long by 70 mm wide. Samples 12.7 
mm in diameter were die cut firom the strips for testing. 

Thermal diffusivity of the samples was measured att 10° and 100° by the laser flash 
method utilizing a Holometrix Microflash instrument available fi-om Holometrix Micromet. This 
1 0 instrument and method conform to ASTM E 1 46 1 -92./'Standard Test Method for Thermal 

Diffusivity of Solids by the Flash Method". The test results are given after a description of the 
experimental procedure. 

Thermal diffusivity is related to the steady-state thermal conductivity through the 
equation 

15 D= X 

where D is the thermal dififtisivity, X is the thermal conductivity, Cp is the specific heat, and p is 
the density. The diffusivity is a measure of how quickly a body can change its temperature; it 
increases with the ability of a body to conduct heat (X) and it decreases with the amount of heat 
20 needed to change the temperature of a body (Cp). All three quantities on the right hand side of 
Equation (1), as well as the thermal diffusivity. can be functions of temperature. 

The measurement of the thermal diffusivity of a material is usually carried out by rapidly 
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heating one side of a sample and measuring the temperature rise curve on the opposite side. The 

time that it takes for the heat to travel through the sample and cause the temperature to rise on the 
rear face can be used to measure the through -plane diffusivity and calculate the through-plane 
thermal conductivity' if the specific heat and density are known. 



5 Through-Plane Method and Analysis 

The sample is a disk with a standard diameter of 12,7 mm and a thickness ranging firom 
about 0.1 to 3 mm. With the Holometrix Thermaflash 2200 Laser Flash system, the sample disk 
is aligned between a neodymium glass laser (1 .06 \xm wavelength, 330 fis pulse width) and an 
indium antimonide (InSb) IR detector in a tantalum tube furnace. A type C thermocouple in 

10 contact with the sample controls the sample and its surroundings at any temperature between 20 
and 2000°C. Once the sample has been stabilized at the desired temperature, the laser is fired 
several times over a span of a few minutes and the necessary data is recorded for each laser 
"shot". The laser beam energy strikes and is absorbed by the front surface of the sample, causing 
a heat pulse to travel through the thickness of the sample. The resulting sample temperature rise 

1 5 is fairly small, ranging from about 0.5 to 2 degrees C. This temperature rise is kept in the 

optimum range by adjustable filters between the laser and the furnace. A lens focuses the back 
surface image of the sample onto the detector and the temperature rise signal vs. time is 
amplified and recorded with a high speed A/D converter, 

Conductivitv 

10 
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The sample thermal conductivity can be calculated with Equation (1), after a 
measurement of the diffusivity as described above, and with measurements of the sample specific 
heat and bulk density. The bulk density is normally calculated from the measured sample 
volxime (calculated from the measured dimensions) and mass. 
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Test Results 

The measured values of thickness, bulk density and thermal difiRisivity are given in table 
1 below. The results have not been corrected for thermal expansion. The samples were coated 
with approximately 5 |am of graphite for thermal diffusivity testing. The second column from 
the right in Table 1 lists the standard deviation as a percentage of the mean diffusivity for the five 
to ten laser "shots" taken for each data point. The bulk density values are estimated to be 
accurate to within ±5%. 

Table 1 

Laser Flash Thermal Diffusivity Results 





Thickness 
@25°C 


Bulk 

Density 

@25°C 


Temperature 
Tested 


Thermal 

DifiEiisivity 

a 


Fabric 
Type 


Sample 


(mm) 


(g/cm^) 


("C) 


(cmVs) 




1 


0.288 


0.634 


10 
100 


0.00360 
0.00297 


B-3 

Polyester 


2 


0.180 


0.555 


10 
100 


0.00647 
0.00562 


B-2 

Polyester 


3 


0.220 


0.677 


10 
100 


0.00617 
0.00505 


IFC 322-222 

Polyester 


4 


0.269 


0.510 


10 
100 


0.00242 
0.00205 


non- 
Woven 
Polyester 


5 


0.556 


0.910 


10 
100 


0.00255 
0.00203 


PUR 

Coated 

Polyester 



Note:Thermal Diffiisivities are an average of 5 readings. 
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Example 2 

The five polyester test samples discussed in example 1 were tested to determine if they 
would break down when subjected to extended period of operation. The samples were coated 
with PTC material. After drying a silver pigment was applied on top of the PTC material. These 
self-regulating flexible heater constructions were subjected to a 12 volt DC potential for an 
extended, continuous period. Heat continued to rise in the constructions, until steady state was 
attained for construction nos. 1 and 3. These constructions exhibited sufficient heat resistance. 
Constructions 2, 4 and 5 were destroyed before reaching steady state. That is, the "failed" heater 
constructions burned up during testing as a result of heat generated during heater operation. It is 
noted that the fabrics which passed exhibited a bulk density of at least about 0.6 g/cm^ or greater 

and a thermal diffusivity of at least about 0.003 cm-/s. 
Laser Flash Thermal Diffusivity Results 





Thickness 
@25°C 


Bulk 

Density 

@25°C 


Temperature 
Tested 


Therm£il 

Diffusivity 

a 


Fabric 
Type 


Heater 
Construction 


Seunpie 


(mm) 


(g/cm^) 


(°C) 


(crnVs) 




Pass/Fail 


1 


0.288 


0.634 


10 
100 


0.00360 
0.00297 


B-3 

Polyester 


Barely 
Passed 


2 


0.180 


0.555 


10 
100 


0.00647 
0.00562 


B-2 

Polyester 


Failed 


3 


0.220 


0.677 


10 
100 


0.00617 
0.00505 


IFC 322-222 

Polyester 


Passed 


4 


0.269 


0.510 


10 
100 


0.00242 
0.00205 


non- 
Woven 
Polyester 


Failed 


5 


0.556 


0.910 


10 
100 


0.00255 
0.00203 


PUR 

Coated 

Polyester 


Failed 
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Note: Thermal Diffusivities are an average of 5 readings. 

With respect to the fabric selection process, it has been found that heater constructions 
having a bulk density of about 0.6 g/cnf or greater and a thermal diffusivity of about 0.003 cm-/s 
or greater insures a desirable degree of conductivity and heat flow through the fabric. This can 
be achieved using multifilaments v^th a relatively high number of twists per inch. However, a 
high degree of twists, or even using high denier fibers, reduces fabric flexibility. Accordingly, 
the skilled artisan should strike a balance between these properties. 

Though described in its preferred embodiment as a seat heater for automobiles, it should 
be imderstood that the self-regulating flexible heater construction of the present invention is 
suited for use not only in automobile components but has use in other applications, including but 
not limited to furniture pieces, consumer items, construction materials, and other articles. 
Accordingly, the preceding disclosure should be read as providing context to the invention, and 
not as a limitation on the field of use thereof. 

Having described the preferred construction of the invention, those skilled in the art 
having the benefit of the description, can readily devise other modifications and such other 
modifications are to be considered to be within the scope of the appended claims. 
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WE CLAIM: 



A self regulating flexible heater construction for producing heat when connected 



to an electrical power source, comprised of: 



a flexible fabric substrate; 



a layer of a positive temperature coefficient material; and 



a layer of a conductive material. 



The heater of claim 1 wherein the substrate is woven or non-woven fabric. 



10 ' 4. 

6. 

7. 

15 



The heater of claim 1 wherein the layer of conductive material is applied to the layer of 
positive temperature coefficient material in an interdigitated pattern. 

The heater of claim 1 wherein the layer of positive temperature coefficient material is 
applied to the layer of conductive material in an interdigitated pattern. 

The heater of claim 1 wherein the density of the fabric is 1 to 6 ounces per square yard. 

The heater of claim 1 wherein the PTC material is comprised of a polyolefm resin. 

The heater of claim 1 wherein the coating of PTC material has a weight 7 to 20 lbs. per 
ream. 

The heater of claim 1 wherein the positive temperature coefficient material has a surface 
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resistivity of 2 to 10 kilo-ohms as measured by multimeter probes set 1 cm apart. 



9. The heater of claim 1 wherein the positive temperature coefficiem material has a surface 
resistivity of 3 to 8 kilo-ohms as measured by multimeter probes set 1 cm apart. 

10. The heater of claim 1 wherein the conductive material is formulated from a mixture of a 
5 polymeric resin selected from the group consisting of vinyls, polyesters, acrylics and a 

conductive material selected from the group consisting of silver pigment, a silver coated 
copper pigment, or plated copper pigments. 

1 1 . The heater of claim 1 wherein the conductive material is formulated from a mixture of 
solvating materials selected from the group consisting of organic solvents and water 

1 0 based solvents and a conductive material selected from the group consisting of silver 

pigment, a silver coated copper pigment, or plated copper pigments. 

12. The heater of claim 1 wherein the conductive material is constructed of conductive 
wires fixed within the construction by conductive glues. 

13. The heater of claim 1 wherein the first and second layers are applied to the substrate by 

1 5 screen printing, spraying, draw down, web printing or any other printing method capable 

of providing a uniform coating. 

14. The heater of claim 1 further comprised of a plurality of buss bars in electrical contact 

16 



wo 



00/43225 PCT/USOO/01702 
with the conductive material and an electrical power source. 



15. The heater of claim 14 wherein the buss bars have a width dimension and a length 
dimension^ and wherein the width decreases over at least a portion of its length. 

16. The heater of claim 14 wherein the buss bars have a width dimension and a length 
dimension, and wherein the width remains constant over at least a portion of its length. 

17. The heater of claim 14 wherein the buss bars have a width dimension and a length 
dimension, and at least one void at a preselected location along its length. 



18. The heater of claim 14 wherein the buss bars have a width dimension and a length 
dimension, and wherein the width dimension increases step- wise over at least a portion 
of its length. 

19. The heater of claim 14 wherein the spacing of the busses varies across the heater. 

20. The heater of claim 1 further comprised of an overlayer of a laminated or sewn 
secondary breathable woven or non- woven fabric comprised of natural or synthetic 
fibers which covers the heater. 

21 . The heater of claim 20 wherein the overlayer is an encapsulating coating, which may be 
a tlame retardant coating, which is applied o\ er the heater elements. 
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22. The heater of claim 1 wherein the heater is incorporated within the construction of a seat 
for an automobile. 

23. The heater of claim 1 wherein the heater has a multiple buss design providing for high 
and low current settings, comprised of at least a conMnon setting buss, a low setting 
buss, and a high setting buss, in which current flows from either the common setting 
buss to high setting buss or from the common setting buss to low setting buss. 

24. A self regulating flexible heater construction for producing heat when connected to an 
electrical power source, comprised of: 

a flexible fabric substrate; 

a layer of a positive temperature coefficient material; and 
a layer of a conductive material, wherein the seat heater composition has a 
bulk density of about 0.6 g/cm^ or greater and a thermal diflfusivity of 
about 0.003 cm"/s or greater. 
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